Hydrogen produced during colonic fermentation may be excreted, or removed by H2 consuming bacteria such as methanogenic and sulphate reducing bacteria. In vitro, sulphate reducing bacteria compete with methanogenic bacteria for hydrogen when sulphate is present. In this study the hypothesis that sulphate in the diet could alter CH4 production in vivo has been tested. Six 
The large intestine salvages energy from dietary residues and endogenous organic matter not absorbed in the small intestine, through fermentation by colonic bacteria.' This process generates short chain fatty acids which are absorbed, and hydrogen and carbon dioxide. Most people extrete hydrogen in breath and flatus but in 30-50% of western populations and in 80-90% of rural black Africans, methane (CH4) is also excreted.2'-CH4 is produced by reduction of CO2 with H2 by methanogenic bacteria and epidemiological studies show that the carriage of these bacteria is determined in early childhood. No dietary factors have been shown to affect colonisation of the large intestine with methanogens.67 Molecular hydrogen is produced by oxidation of NADH2 and FADH2 generated during bacterial glycolysis. High partial pressures of H2, however, slow bacterial hexose breakdown by impairing regeneration of NAD.89 Energy efficient anaerobic ecosystems therefore usually have H2 consuming organisms. In the rumen, H2 is consumed by methanogenic bacterial and similarly, in methanogenic human subjects, 75% of the hydrogen excreted is as methane.'°In nonmethanogenic subjects, sulphate reducing bacteria consume some of the hydrogen produced in fermentation." In vitro data show that sulphate reducing bacteria outcompete methanogens for H2 but only if sufficient sulphate is available. 2 Sulphate availability may therefore be important in determining methanogenesis in man. Sulphate concentration in the colon is largely dependent on dietary intake."' Changes in dietary sulphate could alter the activity of sulphate reducing bacteria and thus affect methanogenesis in the colon. To each subject throughout the study are shown in Figure 1 . In three of the six subjects (responders) methane excretion showed a pronounced fall a few days after SO4 was added to the diet, so that by 10 days with added sulphate methane concentration was less than 2 ppm in all samples measured in these three subjects. By seven days after returning to the low sulphate diet, breath CH4 concentrations had increased again and returned almost to control levels by the end of the study. In the other three subjects (nonresponders), methane excretion was not significantly affected by the sulphate supplement (Fig 1) . The average breath CH4 concentrations during the last three days ofeach test period were calculated for responders and non-responders separately (Table I) .
BREATH HYDROGEN responders and non-responders. There was no effect of the low sulphate and high sulphate diets.
BOWEL HABIT When all subjects were taken together there were no differences in mean transit time, faecal weight, and faecal pH between the control diet and the sulphate supplemented diet (Table II) .
In the three responders, initial faecal weight was higher, transit time was shorter, and pH was lower than in non-responders. Both the basal diet and the sulphate supplement were well tolerated by all the volunteers and no gastrointestinal symptoms were reported.
BACTERIAL COUNTS AND MICROBIAL ACTIVITY Typical gas production data from a faecal slurry of one responder is shown in Figure 2 hydrogen produced from fermentation is consumed by methanogenic bacteria. 0 During fermentation, hydrogen gas production is used by bacteria to allow oxidation of reduced cofactors (NADH2-NAD+ H2). H2 must be rapidly removed from. the fermentation system, however, because high partial pressures of H2 inhibit the reactivation of these coenzymes which are essential in glycolysis.9 Reduction of CO2 by H2 to CH4 by methanogenic bacteria is an effective way of lowering H2 levels and allows bacteria to generate more oxidised products which result in higher energy yields.8 In the absence of methanogenesis, large intestinal fermentation is inefficient and produces different organic end products unless an alternative pathway exists to dispose of reducing equivalents. 2' 22 In previous studies we have shown that in the colon of non-methanogenic human subjects, significant populations of sulphate reducing bacteria exist." These bacteria use molecular hydrogen as well as other electron donors, for the dissimilatory reduction of sulphate to sulphide. In marine sediments and faeces, sulphate reducing bacteria outcompete methanogenic bacteria because of their higher affinity for such substrates.'22324 Methanogenic bacteria tend to predominate in a sulphate depleted environment, however. 25 The present study provides further evidence for these interactions in the colon.
Under stable dietary conditions, western populations may be separated into predominantly methanogenic or sulphate reducing subjects." A proportion of CH4 producers (three of six in this study), however, may also harbour small numbers of sulphate reducing bacteria (not detectable with the methods used in this study). The presence of these bacteria was shown by higher sulphate reduction rates recorded in faeces of these subjects (responders) even on the basal diet. When sulphate availability is increased sulphate reducing bacteria proliferate and eventually may outcompete methanogens when the sulphate supply is sufficient. This is supported by our observation that sulphate reduction rates and sulphide production in faeces of the three responders increased when sulphate was supplemented to the diet, while methanogenesis became substantially reduced. Correspondingly, sulphate reducing bacteria which were not found during the basal diet, became detectable while counts of methanogenic bacteria decreased 100-fold during this period.
Metabolic activity of sulphate reducing bacteria was, however, well below values usually found in non-methanogenic subjects," and Weights are wet weights of faeces. *Significant differences (p<005) between basal diet and high sulphate; tCore injection method; tSlurry experiment. ' Total methane excretion can therefore be estimated at 300 ml/d. Thus, about 1200 ml of hydrogen were consumed in methanogenesis (4 mol H2/mol CH4) when sulphate supply was limited. This is equal to the volume assumed to be consumed by the reduction of 12 mmol S04 in the three responders. Although this balance is not entirely based on direct measurements, it shows how the observed interactions between sulphate reducing bacteria and methanogenic bacteria in vivo can be understood as competition for the mutual substrate hydrogen. When both types of bacteria are present in the large intestine, hydrogen metabolism may be regulated by the availability of sulphate in the colon. We cannot exclude the possibility, however, that other unknown mechanisms may be involved in the effects observed in this study.
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Some dietary components such as bread, food preserved with sulphur dioxide, and alcoholic beverages such as beer, wine and cider are rich in sulphate.29-3' Their consumption may increase sulphate ingestion naturally to quite high amounts. Thus, the amount of sulphate given in this study can be reached by dietary means in a proportion of people.
In conclusion, we have shown evidence for regulation of methanogenesis by dietary sulphate if sulphate reducing bacteria are present in the colon. Sulphate feeding allows growth of sulphate reducing bacteria which then may inhibit methanogenic bacteria by substrate competition. This may explain the absence of methane in the breath of 40-50% of western populations. 
